Summary
Introduction
The European landscape has changed over the last century as a result of intensified forestry and due to either agricultural intensification or abandonment (e.g. Bakker & Berendse 1999) , and there is substantial spatial heterogeneity. Many deer species in Europe (Gill 1990 ) and the United States (McShea & Underwood 1997) have expanded their range and increased in density during this period, but the role of changes in land-use patterns for their population ecology remains poorly documented.
Habitat variability may be split into vegetation production and community components. Different local weather patterns affect both plant quantity and quality (e.g. Deinum, Van Es & Van Soest 1968; Deinum 1984; Lesage et al. 2000) , and at least some of the climatic effects on ungulate body mass are mediated through altered vegetation production. For example, vegetation (heather Calluna vulgaris L.) production was linked directly to local climatic variability and affected winter weight loss in female red deer (Cervus elaphus L.) in Scotland (Albon & Clutton-Brock 1988) . Although several authors have suggested that variability in agricultural and forestry practices may be of considerable importance (Ahlén 1965 (Ahlén , 1975 Bobek, Boyce & Kosobucka 1984; Cederlund & Markgren 1987; Østgård 1987) , few explicit analyses have been carried out to establish how and if these parallel (and slower) habitat community changes may also have affected demography and population dynamics of red deer or any other ungulates (see Jedrzejewska et al. 1994 for an exception with eight geographical areas). A number of specific mechanisms related to how forestry and agriculture may affect demography of large herbivores have been proposed (H 1−6 ; Table 1 ).
Further, changes may occur over time due to the development of the red deer population itself, which have been increasing in Norway during this time (Mysterud et al. , 2001c . We have reported previously strong density effects on body weight (Mysterud et al. 2001c) , and body weight is closely correlated with age at first reproduction (Langvatn et al. 1996) and winter survival of calves (Loison, Langvatn & Solberg 1999 ) in this population. In addition, high grazing pressure of large herbivores over time scales of decades may affect composition of vegetation communities; i.e. it may be predicted (H 7 ) that there are residual effects of cumulative (previous) density on life history traits after present-day (current) density is controlled for. There may also occur (H 8 ) changes of a demographic nature, such as cohort effects (Albon, Clutton-Brock & Langvatn 1992; Forchhammer et al. 2001) . Recently, it was shown that body weight of calves on Rum, Scotland decreased even after 20 years of stable density, because there was an increasing proportion of calves born to hinds that themselves were born at high density (T. Coulson et al. unpublished results) .
In this study, we use temporal and spatial variation in body weight of 10 206 adult female and 15 499 adult male red deer sampled from 106 municipalities during 1965 -2000 in Norway to test the predictions (H 1−6 ; Table 1) regarding the relationships to agricultural and forestry practice (which show large spatial variability and have occurred at different rates in different local areas, i.e. municipalities) and to (H 7 ) cumulative and (H 8 ) cohort density (Table 1) . We used a model including terms which were reported previously to affect body weight of Norwegian red deer (Mysterud et al. 2001a (Mysterud et al. , 2001b (Mysterud et al. , 2001c and that could influence the estimates for the coefficients of interest. Fitting a too complex model would result in estimates with lower bias but lower precision, and it is most important to lower bias as much as possible (Cochran & Rubin 1973) .
Materials and methods

 
The study area is the western part of southern Norway, which is the main area for red deer in Norway . Data derive from 106 municipalities in the counties Rogaland (6) and Hordaland (23; referred to as population P1), Sogn og Fjordane (22; population P2), Møre og Romsdal (30) and Sør-Trøndelag (18; population P3) and Nord-Trøndelag (7; population P4). The island Hitra is referred to as population P5 (Mysterud et al. 2001a (Mysterud et al. , 2001b (Mysterud et al. , 2001c . The vegetation on the west coast of Norway is mainly in the boreonemoral zone (Abrahamsen et al. 1977) . Exceptions to this general pattern are a small area around the Hardangerfjorden in Hordaland, which is in the nemoral zone, and some areas not far from the Trondheimsfjorden, which is in the southern boreal zone. From Rogaland to Møre og Romsdal forests are dominated by deciduous and pine forest. However, there has been a large-scale programme for planting Norway spruce (Picea abies L.), which is an important winter habitat for red deer (Ahlén 1965) . Areas in Sør-Trøndelag up to Trondheimsfjorden are dominated by birch (Betula spp. L.) and pine (Pinus sylvestris L.), whereas spruce forest dominates some areas north of this. In general, temperature and precipitation decline from south to north and from coast to inland, while snow depth increases . In summer both the length of the growing season and total degree-days decline from south-west to north-east. Topography is generally steeper inland (Mysterud et al. 2001a ). ); we have one more year of data relative to the most recent of the previous analyses (Mysterud et al. 2001a) . Hunting is controlled through licenses issued by local wildlife boards in each municipality, and hunters provided mandibles from all animals shot (so that age could be determined from eruption patterns and tooth sectioning; Reimers & Nordby 1968) , together with records of sex, date, locality (municipality) and body weight. Body weight is dressed weight (58% of live weight), i.e. live weight minus head, skin, viscera, bleedable blood and metapodials (Langvatn 1977) .
To obtain an index for density that reflects both spatial and temporal components of density, we divided total number of red deer harvested each year by the so-called 'qualifying area' in each municipality (used area for 2000 for all years; Statistics Norway 1971-2000; as in Mysterud et al. 2001c ). The 'qualifying area' is the area of suitable red deer habitat within each municipality, constituting the basis for harvest quotas as approved by the management authorities. Cohort density was defined as the number of harvested red deer in the year of birth of an individual deer divided by the 'qualifying area' (for 2000). Cumulative density was defined as the number of animals harvested during the previous 10 years (in the same municipality as the deer were shot) divided by the 'qualifying area' (for 2000; Statistics Norway 2001). Ten years was used as vegetation community changes may occur at the scale of decades (e.g. Jefferies, Klein & Shaver 1994) . One problem is that not all municipalities have constant borders over this period (Juvkam 1999) . We have avoided most of this problem by restricting the analysis to data after 1964, which was a year of the most recent significant changes in habitat borders (Juvkam 1999) . Further, whenever municipalities have merged, this was taken into account by considering the merged municipality as the unit for the whole time period.
 
Data on number of sheep come from applications of support for production, and was available from all years between 1999 (through Statens Kornforretning; http://195.18.184.115/) . These numbers are probably very close to the actual numbers, as farmers receive about 50 -75% of their income from this support (compared to the actual value of the meat). Although data on goats, horses and cattle were also available, we did not consider these as their numbers are either very low (goats and horses) or they do not utilize outdoors pastures to a large extent (cattle). It is difficult to calculate the density of sheep within the red deer range: even though sheep and red deer are sympatric on the west coast of Norway (Mysterud 2000; Mysterud et al. 2001b) , the sheep utilize alpine pastures to a much larger extent than red deer (who are restricted mainly to forested areas). Therefore, we divided the number of sheep per total municipality area to obtain 'sheep density'. We do acknowledge that this may not represent the actual density of sheep within the red deer range at the scale of municipalities. Average density of sheep (ewes and lambs) was 15 per km 2 (range 1-87 per km 2 ; see Fig. 1 ).
 
Data on the extent of agricultural land of various kinds within each municipality derive from two sources.
Source 1
Data on total agricultural land of different use within each municipality come from complete agricultural counts performed by Statistics Norway in , 1979 Statistics Norway 1971 , 1982 ; for the 1999 count by Statistics Norway, see http:/ /www.ssb.no/kommuner/jordbruk/). As behavioural observations suggest clearly that area of meadow is the most significantly used agricultural habitat for red deer (Ahlén 1965; , we considered only area of 'meadow in full use', as this was available in all counts. The actual parameter used in models was the proportion of meadow of total municipality area below 700 m a.s.l., which is the most significant part of red deer habitat in this area (Mysterud et al. 2001a ). There was a strong correlation between the proportion of total agricultural area in use within a municipality and the proportional area of meadow.
Source 2
Data on area of total agricultural land, total area of meadow and area of fully used meadow were available for 1984-88 and 1990-98 based on those that applied for support from the government (i.e. data include most or all farms in use). Also for this data set, we considered only area of 'meadow in full use', so as to make it comparable to data from Source 1.
Data on total area of deciduous and coniferous forest per municipality come from complete forestry counts performed by Statistics Norway in 1967 , 1979 Statistics Norway 1969 , 1982 . As coniferous forest has a much stronger economic interest, figures for coniferous forest are probably more accurate than for deciduous forest. Deciduous forests mainly have no economic value, and it is uncertain to what extent these are reliable data. As there has been an increase in both deciduous and coniferous forests within municipalities over this time period (due partly to an increase in treeline; Hofgaard 2001), they can be modelled separately as proportions. While it is simple to calculate a proportion for area of meadow (with area below 700 m a.s.l.) as all agricultural pastures are located periods in between. This was justified because there was usually a temporal trend (Fig. 1) . After running the model and calculating the parameter estimates of the full model, we re-ran the analysis including only the years for which the data were collected to verify whether or not parameter estimates were similar (i.e. to assess whether the interpolation was justified).
 
For covariates used in previous analyses, we knew which effects were linear and non-linear based on modelling with additive models (AM, Venables & Ripley 1994 ; all models assumed a response variable with a constant variance). For the new variables presented here, we used AM to test whether also the new variables entered had a linear effect. As the AM analyses showed that all the habitat variables gave a monotonic response that were linear or close to linear, we provide only results obtained using linear models (LM), mainly because coefficients of linear models are easily comparable between studies, and that interactions may be tested for easily. A logarithmic transformation ( ln(weight)) of body weight was used in order to obtain residuals with constant variance when using LM. All statistical analyses were performed in the statistical package S-Plus (Venables & Ripley 1994) .
The body weight of red deer follows the typical three-stage Caughley-like pattern typical of mammals (Caughley 1966; Gaillard, Festa-Bianchet & Yoccoz 1998; Gaillard et al. 2000; Mysterud et al. 2001c) , i.e. weight increase with age for young animals, remains fairly stable for prime-aged individuals, and declines with age for the oldest age-classes. However, as body weight in the first stage is not related linearly to age, we used a four-stage model for age with thresholds at 2·5, 4·5 and 7·5 years of age for males, and 2·5, 5·5 and 20·5 years of age for females (cf. Mysterud et al. 2001a ). Thresholds were estimated by minimizing the residual sum of squares (Mysterud et al. 2001a ). As these thresholds were different in males and females (Mysterud et al. 2001a (Mysterud et al. , 2001c , separate GLM-models were used for each sex. Calves were excluded from all models.
Other covariates such as the North Atlantic Oscillation index (NAO) when in utero (cohort NAO: Post et al. 1997) and for the previous winter (Mysterud et al. 2001b) , current density (Mysterud et al. 2001c) , date of culling, distance from the coast and degree of latitude (Mysterud et al. 2001a) , proportion of high altitude habitat, diversity of altitudes and aspects (Mysterud et al. 2001a) were included in the model in order to correct for bias (cf. Cochran & Rubin 1973) due to the imbalance in the study design. Parametric bootstrapping (Efron & Tibshirani 1993 ) was used to calculate confidence intervals for parameter estimates. A total of 1000 bootstrap samples was used.
To explore the relationship between the habitat variables in space and time, we used simple correlations and principal components analyses (PCA). This analysis was restricted to the municipalities for which we had red deer data.
Results
    - 
The PCA showed that the four groups of habitat variables were not correlated in space, as they were picked up by separate axes ( Fig. 2 ; PCA axes are uncorrelated by definition). The first four PCA axes represented 94·5% of the total variance. The highest 'proportion of meadow' (PCA 1; 33·3% of the variance) were at the coast in the north and south regions (see also Fig. 1) , the highest 'proportion of coniferous forest' (PCA 2; 25·6%) were inland furthest north and at the coast in the south, 'proportion of deciduous forest' (PCA 3; 22·6%) were highest at an intermediate distance from the coast and showed no relation to latitude, while 'sheep density' (PCA 4: 13·0%) were highest in the south (Fig. 2) .
    - 
Temporal changes in the different habitat variables were usually not correlated between the different time periods. A first PCA including all municipalities showed that the change in meadow from 1969 to 1979 was opposite to either 1979-89 or 1989-99. This was, however, due mainly to the small municipality 'Ørland', which influenced strongly the value for the time period 1969 -79. A new PCA excluding Ørland showed the main (the first two axes represented 39·8% of the variance) spatial pattern concerned changes in the proportion of meadows in periods 1969-79 and 79-89, and proportion of deciduous and coniferous forests for the period 1967-79 (PC axis 1; 21·4%), and changes in proportion of coniferous and deciduous forests in the period 1979-89 as opposed to changes in sheep density in 1989-99 (PC axis 2, 18·5%; Fig. 3a) . Municipalities furthest south, as well as northern municipalities located at intermediate distances from the coast, exhibited the largest increase in proportion of meadows /forests , whereas density of sheep (1989 -99) and proportion of forests (1979-89) decreased (resp. increased) more along the coast, and especially so in the south.
Over the time period 1969-99, based on all municipalities in Rogaland, Hordaland, Sogn og Fjordane, Møre og Romsdal, Sør-Trøndelag and Nord-Trøndelag counties, the average area of meadow within a municipality increased from 4·30% in 1969 to 4·71 in 1999 (1979: 4·32%; 1989: 4·41%; Fig. 1 ). Despite this general trend of increase, area of meadow decreased in 45 of the 173 municipalities over this time period . However, most of the variation in proportion of meadow is spatial (i.e. between municipalities; Fig. 1, Table 2 ).
Sheep density decreased from 16·5 per km 2 in 1989 to 12·3 per km 2 in 1999 (Fig. 1) . However, counting over the time period from 1969 to 1999, sheep density has increased in most areas of Norway . Over the time period 1967-89, the average area of coniferous forest within a municipality increased from 12·67% in 1967 to 14·54% in 1989 (1979: 13·40%; Fig. 1 ). The area of deciduous forest within a municipality increased from 4·52% in 1967 to 5·74% in 1989 (1979: 4·72%; Fig. 1 ). As the general impression is that there is much more deciduous than coniferous forest in many areas on the west coast of Norway, and as the deciduous forest has little economic value compared to coniferous forest (or area of meadow), figures for deciduous forest (and hence also relationship with body weight of red deer) should be viewed with caution. The increase in area of coniferous forest (1967-89) was evident in 128 of 166 municipalities (this could not be calculated for seven municipalities due to changes in administrative boundaries), while the increase in deciduous forest was evident in 111 municipalities.
    -( )  
In addition to the negative effect of current density on body weight of the Norwegian red deer (cf. Mysterud et al. 2001c) , there was a strong negative effect of cohort density (data from 1975 to 2000; Table 3 ). After controlling for both current and cohort density, there was no effect of cumulative density in the last decade (Table 3) . As cumulative density did not affect body weight, and as it can only be calculated reliably for years after 1975, we removed this factor from the rest of the models.
    -
There was a clear positive effect of proportion of meadows in municipality on red deer body weight [Source 1: data from 1969 to 1999; Table 3 ; females: N = 10 206, mean = 0·968, 95% CI (0·764, 1·173); males: N = 15 499, mean = 1·073, 95% CI (0·885, 1·261)]. Removing all interpolated values (i.e. using data only from years 1969, 1979, 1989 and 1999) , did not affect the parameter estimate for proportion of meadow notably, and the term remained significant [females: N = 1287, mean = 0·880, 95% CI (0·092, 1·668); males: N = 1944, mean = 1·327, 95% CI (0·613, 2·040)]. The positive effect of proportion of meadow on red deer body weight was also found when using data based on those that applied for support from the government [Source 2: data from 1984 to 1988 and 1990 -98; females: N = 7190, Fig. 2 . Principal component analysis (PCA) of habitat variables. The four habitat variables considered were not strongly spatially correlated and therefore picked up by separate axes (correlation between PCA axes 1-2 (a) and 3-4 (b) and individual habitat variables); each axis represents mainly one habitat variable: 'proportion of meadow' (PCA 1), 'proportion of coniferous forest' (PCA 2), 'proportion of deciduous forest' (PCA 3) and 'sheep density' (PCA 4). The municipality coordinates on the four PCA axes are plotted (Fig. 2c ) against latitude and distance to the coast (squares: positive coordinates; circles: negative coordinates; the surface of the symbols is proportional to the coordinate value). mean = 0·946, 95% CI (0·688, 1·203); males: N = 10 723, mean = 1·21, 95% CI (0·97, 1·45)].
When adding density of sheep to all factors previously reported to affect body weight of Norwegian red deer (see above), parameter estimates were positive [data from 1989 to 1999; females: N = 7680, mean = 0·0017, 95% CI (0·0010, 0·0023); males: N = 11 858, mean = 0·00147, 95% CI (0·00099, 0·0019)]; i.e. sheep density positively affected red deer body weights. However, after including proportion of meadow in the model, there was no correlation between sheep density and red deer body weight [females: mean = 0·00057, 95% CI (−0·0002, 0·0013); males: mean = 0·000068, 95% CI (−0·00057, 0·00070)].
    -
There was no evidence that the proportion of deciduous forest within a municipality of total municipality 1969 1979 1989 1999 1967 1979 1989 1967 1979 1989 1989 1999 Proportion of meadow 
0·885, 1·261 Density of sheep** 0·000068 0·000068 0·00032 − 0·00057, 0·00070 Proportion of coniferous forest*** 0·10 0·10 0·031 0·038, 0·16 Proportion of deciduous forest*** 0·34 0·33 0·12 0·096, 0·56
*Parameter estimates from another model ( years 1969-99) , in which the covariate cumulative density was removed. **Entered after proportion of meadow was in the model ( years 1989 -99) . ***Model including data from 1967 to 1989. The positive effect of proportion of coniferous forest (from total municipality area) was not consistent when using other indices. ****There was a significant negative effect of current density when using data from a longer time period [years 1969-99 ; mean = − 0·029; SE = 0·013; 95% CI (− 0·054, − 0·0038)].
area had any measurable effect on red deer body weight in females [N = 2862, mean = 0·109, 95% CI (−0·073, 0·292)], while there was a positive effect in males [N = 4076, mean = 0·33, 95% CI (0·096, 0·56)]. There was no effect in either males nor females when calculating this proportion with 'qualifying area' [females: mean = 0·032, 95% CI (−0·041, 0·115); males: mean = 0·062, 95% CI (−0·039, 0·16)] or area below 700 m a.s.l.
[females: mean = 0·015, 95% CI (−0·066, 0·097); males: mean = −0·045, 95% CI (−0·19, 0·097)] as the denominator instead of total municipality area. The relationship between proportion of coniferous forest and red deer body weight was also somewhat conflicting, depending on how this was calculated. There was a positive effect of the proportion of coniferous forest within a municipality of total municipality area on red deer body weight [females: mean = 0·070, 95% CI (0·008, 0·132); males: mean = 0·10, 95% CI (0·038, 0·16)]. However, this was not the case when using either 'qualifying area' [females: mean = 0·007, 95% CI (−0·038, 0·052); males: mean = 0·016, 95% CI (−0·019, 0·050)] or area below 700 m a.s.l.
[females: mean = 0·045, 95% CI (−0·066, 0·097); males: mean = 0·047, 95% CI (−0·031, 0·126)] as the denominator instead of total municipality area. Based on the AM, there was no evidence that the effect of proportion of boreal forest was non-monotonic, although the curve was weakly non-linear for males (cf. H 6 in Introduction; females: d.f. spline 1 vs. 2, F = 0·266, P = 0·555; males: d.f. spline 2 vs. 3, F = 2·431, P = 0·119).
    - 
Parameter estimates of other covariates reported previously to affect body weight of the Norwegian red deer remained fairly similar in all models (Table 3) . Body weight was highest for prime aged individuals (cf. Mysterud et al. 2001c ). There was a general positive relationship with previous years NAO (cf. Mysterud et al. 2001b) , while there was an effect of the cohort NAO (i.e. when in utero; cf. Post et al. 1997 ) in males only. There was a positive effect of diversity of aspects and altitudes and a negative effect of proportion of high altitude habitat (cf. Mysterud et al. 2001a) . Body weights increased with increasing distance from the coast (cf. Mysterud et al. 2001a ). Because we included the factor 'population', which is organized from south to north, there was no effect of degree of latitude (cf. Mysterud et al. 2001a) . There was no effect of date of culling in females (cf. Mysterud et al. 2001c) , while there was an age-and density-dependent negative effect of date of culling in males (Yoccoz et al. 2002) .
Discussion
A recent book on a European cervid bears the subtitle 'The biology of success' (Andersen, Duncan & Linnell 1998) and indeed, as a group, populations of cervids have expanded and increased in density all over Europe in the last century (Gill 1990 ). This is due probably to a multitude of factors. The influence of changes in management (hunting) strategies , absence of large predators (Saether et al. 1996) and climatic change (Post et al. 1997; Forchhammer et al. 1998; Mysterud et al. 2001b ) have all been reported to affect northern populations of cervids (see also Jedrzejewska et al. 1997) . However, a common problem when trying to relate life history traits or demographic variables of animals to forestry or agricultural practises is that data usually come from only one or a very limited number of populations. It is hence very difficult to disentangle variability due to agricultural and forestry practises from, e.g. cohort effects. In our study, we had data from 106 municipalities (with large spatial variability and in which these changes have occurred at different rates; Fig. 1 ), which give us the possibility to control for a large number of possible confounding factors. Phase-dependence has been documented as an additional factor in addition to density-dependence in fluctuating populations of small mammals (the Norwegian lemming cycle: Framstad et al. 1997; Stenseth et al. 1998a; Stenseth 1999 ; the Canadian lynx-snowshoe hare cycle: Stenseth et al. 1998b) ; that is, that vital rates may differ at similar density depending on whether the population is increasing or decreasing. Although most populations of large herbivores are not cyclic (but see Grenfell et al. 1992 for Soay sheep), there is reason to expect effects of cumulative (previous) density on individual performance of large herbivores (distinguishing decreasing and increasing populations), as it is well documented that large herbivores may affect the vegetation composition at the time scales of decades (reviews in Jefferies et al. 1994; Augustine & McNaughton 1998) . In forested areas, selective browsing of deciduous trees by large herbivores often leads to a more rapid succession toward the climax stages with spruce forest and hence less available forage over time (Pastor & Naiman 1992; Pastor et al. 1998) . A strong negative effect of elk browsing on deciduous trees such as aspen (Populus tremuloides L. has been demonstrated (Baker, Munroe & Hessl 1997; Ripple & Larsen 2000) . However, we were unable to demonstrate any effect of cumulative density, once the effect of cohort density was accounted for. The effect of cohort density was, however, consistently negatively affecting body weight of red deer in Norway. This concurs with a recent analysis of calf weight data from Rum, Scotland (T. Coulson et al. unpublished results) and provide further evidence that cohort effects are strong in large herbivore populations Lindström 1999) .
A major change in the agricultural practice in Norway that is likely to affect red deer is the change in composition and abundance of the domestic stocks (Ahlén 1965 (Ahlén , 1975 . There has been a marked decline in numbers of cattle and goats using outlying pastures, while the number of sheep have increased steadily since about 1920 but has decreased slightly in the last decade . Sheep use outlying pastures only during summer, a period in which diet overlap with red deer is about 60% (Mysterud 2000) . Competition between red deer and sheep occurred at high density in Scotland (Clutton-Brock & Albon 1989) . Although densities of sheep at Norwegian pastures is generally low (in this study, gross density was between 1 and 87 per km 2 ; Fig. 1) , when compared to Scotland (Simpson et al. 1998 ) it was surprising that there was a positive correlation between sheep density and red deer body weight. In some instances, grazing facilitation may be a mechanism by which one herbivore benefits another (e.g. McNaughton 1976 McNaughton , 1983 , as demonstrated for red deer and cattle (Gordon 1988) . Sheep grazing may both increase primary productivity (Wielgolaski 1975 ) and forage quality (Rhodes & Sharrow 1990; Alpe, Kingery & Mosley 1999) . However, a more likely explanation for the positive correlation between sheep density and red deer body weight is the parallel use of agricultural land. In areas of high sheep density, a somewhat higher proportion of meadows are used for growing winter fodder for the sheep which are kept indoors during winter. Indeed, when accounting for the proportion of meadow before entering density of sheep, there was no effect of sheep density, even though the correlation between the two variables was small ( Fig. 2 ; Table 2 ). It was no surprise that the area of meadow positively affected red deer body weight. Although data on habitat selection of Norwegian red deer are sparse, observations suggest a strong dependence on agricultural meadows (Ahlén 1965 (Ahlén , 1975 , especially during late autumn, winter and spring. Quality of forage in meadows is also generally higher than in forest habitats due to fertilization (R. Langvatn, unpublished data). At the scale of municipality, therefore, any potential for competition or facilitation due to sheep in local areas is masked by the positive effect of how the agricultural land is used for making sheep winter fodder.
The other major, large-scale habitat modification at the west coast of Norway is the planting of spruce forest (Ahlén 1965 (Ahlén , 1975 . Again, data on habitat selection are sparse, but observations suggest clearly a strong dependence on spruce stands during winter (Ahlén 1965) . Spruce stands are used mainly for shelter during the day and in periods of severe weather, as they have little or no forage available (Ahlén 1965; Mysterud & Østbye 1999) . There was no consistent positive effect of proportion of coniferous forest within a municipality. Adequate shelter may possibly lower weight loss during winter, but experiments with penned white-tailed deer (Odocoileus virginianus Z.) fawns and young elk cows have failed to find such an effect (Robinson 1960; Gilbert & Bateman 1983; Cook et al. 1998; reviewed in Mysterud & Østbye 1999) . Nevertheless, it is premature to conclude that the changes in forestry practices in Norway have not affected the red deer population. The increased abundance of red deer in Norway is a result of both range expansion and increased density (Mysterud et al. , 2001c . Even though forestry had no consistent measurable effect on the condition of red deer within the established range (deer quality), it remains to be determined whether these habitat changes affect population growth by increasing the area of potential red deer habitat (deer quantity). Also the increase in treeline in Norway, which is due probably to a combination of climatic change, decreasing goat populations and a lower level of so-called summer farming which need large amounts of fire wood (Hofgaard 2001) , may also have increased the area of red deer habitat. Further, no data were available for possible important additional information regarding forestry, such as the proportion of clear-cut areas. A study on red deer in Poland suggested that a high proportion of clear-cut areas may be favourable due to increased forage production (Bobek et al. 1984) .
Altogether, we may conclude that weights of red deer is decreasing due to current density (Mysterud et al. 2001c) and cohort effects (this study) (i.e. that individuals born at high density are starting to penetrate the population, further lowering body weight). The lowering of body weight due to density is, to some extent, countered by the changes in climate which have generally increased weights (Mysterud et al. 2001b) . From this study, we can conclude that the changes in agricultural practices (proportion of meadow) have been favourable, while the role of changes in forestry practices is less clear.
